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In December 2016, highly pathogenic avian influenza
(HPAI) infection with systemic pathologic lesions was found
in cats in South Korea. Genetic analyses indicated that the
feline isolates were similar to HPAI H5NG viruses isolated
in chicken farms nearby. This finding highlights the need for
monitoring of domestic mammals during HPAI outbreaks.

Highly pathogenic avian influenza (HPAI) H5N6 has
spread across Asia, Europe, and Africa. Since a novel
influenza A(HSN6) virus emerged in China in late 2013 (/),
HS5NG6 viruses have been subsequently reported in South-
east Asia. In China, HPAI A(H5N6) virus caused the earli-
est reported human infection in 2014 and became one of
the dominant subtypes in poultry farms and live poultry
markets (2). These viruses caused a potential threat to other
mammals, including pigs and cats (3,4). We report HSN6
virus infection in cats during 2016—17 HPAI outbreaks in
domestic poultry in South Korea (5).

The Study

The 2016-17 winter season saw epidemics of HPAI
A(H5N6) in domestic poultry and wild birds in South
Korea (5). At the end of December 2016, three carcasses
of cats were submitted from areas near HSN6 virus—in-
fected chicken farms in Pocheon. The cats had shown
sudden clinical signs of salivation, lethargy, convulsion,
and bloody discharge around the mouth and jaws and
died within 4 days after illness onset despite antimicrobial
drug treatment. After necropsy, we processed representa-
tive tissues for histopathology and immunohistochemis-
try (online Technical Appendix, https://wwwnc.cdc.gov/
EID/article/24/12/18-0290-Techapp1.pdf). The necropsy
findings included bloody nasal discharge (Figure 1, panel
A), severe pulmonary congestion and edema, and white-
colored foci in the liver (Figure 1, panel B). The lungs were
red and yellow in color and incompletely collapsed and had
accumulated a small amount of frothy fluid. The spleen was
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enlarged 2-fold. The pancreas showed spotty hemorrhage
and white pinpoint foci.

Histopathologic examination revealed severe lesions
in brain, lungs, and liver in the examined cats. We observed
necrosis and loss of neurons, lymphocytic perivascular
cuffing, and gliosis (Figure 1, panel C) in the cerebellum
and cerebrum, and especially severe necrosis in the hip-
pocampus. The lungs showed marked congestion, edema,
hemorrhage, and severe interstitial pneumonia (Figure 1,
panel D), and thrombus in the alveolar capillaries. The liver
showed severe necrotic foci and hepatitis. We observed in-
fluenza viral antigen in neurons (Figure 1, panel E), glial
cells, and alveolar macrophages (Figure 1, panel F). Table
1 describes histopathologic lesions and Table 2 immuno-
histochemical reactivity.

We recognized H5N6 virus infection in a domestic
male cat (cat 1) and juvenile outdoor cats (cats 2 and 3).
We observed necrotic lesions and influenza viral antigens
in multiple visceral organs, suggesting that the virus caused
systemic infection. It seems likely that the neurotropism of
H5NG6 virus was a key factor contributing to the sudden
death of these cats. The results of this study are consistent
with those of other studies of HPAI pathogenicity in ex-
perimentally infected dogs (6,7).

The histopathologic findings and the localization of
HSNG6 virus antigen to the lungs and liver, but not to the
brain, in cats have been reported (8). In this case, we ob-
served meningoencephalitis. Moreover, the 3 cats showed
neurologic symptoms such as salivation and convulsion,
which may be related to necrosis and loss of neurons. The
severity of the lesions was consistent with the number of
cells that reacted with influenza viral antigen. A few studies
reported that H9 and H10 influenza viruses were nephro-
tropic in chickens with low pathogenicity (9,/0) and that
HPAI HS5 virus causes acute renal lesions in mammals and
primates, including humans (/7). The results of our study
suggest that the HPAI H5N6 virus affects cats differently
than do other HPAI viruses; therefore, further studies are
needed to experimentally infect cats with other HPAI HS
subtypes, including the isolate from this study, for com-
plete clarification.

Previous studies have shown that avian viruses pref-
erentially recognize a-2,3 linkage (SA o 2,3Gal) and bind
to type II alveolar cells, which are abundant in the lower
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Figure 1. Gross, microscopic,
and immunohistochemical (IHC)
findings in 3 cats with highly
“ pathogenic avian influenza
A(H5NB) virus infection,
South Korea. A) Bloody nasal
discharge. B) Severe congestion
- and edema in the lungs and
white-colored foci in the liver.
C) Gliosis in the brain.
Hematoxylin and eosin stain;
original magnification x100.
D) Interstitial pneumonia with
degenerated pneumocytes.
Hematoxylin and eosin; original
magnification x40. E) Influenza
viral antigens in neurons. IHC
testing; original magnification
x100. F) Influenza viral antigens
in alveolar macrophages.
IHC testing; original
magnification x100.

respiratory tract of mammals (/2,/3). These findings are RNA samples extracted from organs of the cats were
consistent with our observations of severe pneumonia with ~ positive for influenza HS5 and N6 subtypes by reverse
lung edema in the infected cats. transcription PCR. We selected 2 HPAI H5N6 viruses:

Table 1. Pathologic lesions in various tissues of 3 cats diagnosed with highly pathogenic avian influenza, South Korea

Tissue Lesions Cat 1 Cat2 Cat 3
Brain Neuronal necrosis Severe Severe Mild
Meningoencephalitis Moderate Moderate Minimal
Gliosis Moderate Moderate Minimal
Trachea Lymphocytic tracheitis Minimal Minimal Minimal
Lung Interstitial pneumonia Severe Severe Severe
Pneumocytic necrosis Severe Moderate Severe
Heart Myocytic necrosis Minimal Minimal Minimal
Lymphocytic myocarditis Minimal Minimal Minimal
Spleen Lymphocytic necrosis Minimal Minimal Minimal
Lymphocytic depletion Mild Minimal Minimal
Pancreas Acinar epithelial necrosis Minimal None None
Intestine Enterocytic necrosis Minimal None None
Enteritis Minimal None None
Liver Hepatic necrosis Severe Severe Severe
Kidney Tubular necrosis None None None
Nephritis None None None
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Table 2. Reactivity to influenza viral nucleoprotein in various tissues of 3 cats with highly pathogenic avian influenza, South Korea

Reactivity
Tissue Cells Cat 1 Cat 2 Cat 3
Brain Neurons Numerous Numerous Moderate
Glial cells Moderate Numerous Minimal
Ependymal cells Numerous Numerous Minimal
Trachea Epithelial cells Minimal Minimal Minimal
Lung Macrophages Numerous Numerous Numerous
Vascular endothelial cells Numerous Numerous Numerous
Heart Myocytes Minimal Minimal Minimal
Epicardial cells Minimal Minimal Minimal
Spleen Ellipsoid capillary endothelium Minimal Minimal Minimal
Macrophages and necrotic debris Moderate Minimal Minimal
Pancreas Acinar epithelium Minimal None None
Intestine Crypt epithelium Minimal None None
Mesenteric ganglial neurons Minimal None None
Liver Kupffer cells and necrotic debris Numerous Numerous Numerous
Kidney Tubule epithelium Minimal Minimal Unknown
Glomeruli Minimal None None
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Figure 2. Maximum-likelihood phylogenetic tree of the hemagglutinin (A) and neuraminidase (B) gene segments for highly pathogenic
avian influenza A(H5NG) viruses from cats, South Korea, and comparison viruses. Black circles indicate isolates from cats and triangles
indicate chicken isolates from this study. Virus sequences from the GISAID EpiFlu database (http://platform.gisaid.org) and GenBank
were used for each phylogenetic comparison. The genetic subclades are annotated to the right of the tree. The genetic clusters major,
minor, and G1.1.9, were designated according to the criteria of Bi et al. (2). The number at each branch indicates a bootstrap value.

Scale bars indicate nucleotide substitutions per site.
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A/feline/Korea/H646-1/2016(H5N6) from the domestic
male cat and A/feline/Korea/H646-2/2016(H5N6) from
1 juvenile outdoor cat. We performed virus isolation, se-
quencing, and phylogenetic analysis as described (online
Technical Appendix). Phylogenetic analyses showed
that the HS genes of the cat isolates belonged to clade
2.3.4.4.C and were very closely related to HSN6 viruses
detected in poultry in areas within a radius of 1 km of the
cats’ location (Figure 2, panel A). In a previous study,
clade 2.3.4.4.C H5N6 viruses from the 2016-17 epi-
demic in South Korea were divided into 5 distinct geno-
groups (C-1 to C-5) (5). The feline isolates showed high
similarity with HSN6 viruses in genogroup C-4, which
was detected in domestic poultry nearby during 2016—17
HPAI A(H5N6) outbreaks (Figure 2; online Technical
Appendix Figure).

Epidemiologic studies show that the cats might be in-
fected by feeding on or by contact with infected wild birds,
although the virus was not isolated from wild birds around
this area. The affected domestic cat lived in a house near
a small stream where migratory birds were observed and
a wide main road. Across the main road, HSN6 virus—af-
fected chicken farms were located within 1 km. In previous
reports, cats and tigers were naturally infected by feeding
on infected bird carcasses (8,7/4). In China, HSN6 virus in-
fection in cats has been reported in regions such as Suchuan
and Guangdong Provinces (3).

We compared each gene of the feline and chicken
HS5NG6 isolates (online Technical Appendix Table). The
hemagglutinin (HA) genes of the viruses contained mul-
tiple basic amino acid residues at the HA cleavage site
(PLRERRRKR). The amino acid residues on the recep-
tor binding sites of the HA gene of HSN6 viruses were
Q226 and G228 (H3 numbering), indicating an avian-
like (02,3-SA) receptor-binding preference. T160A mu-
tation in the HA gene suggested a possible increased
viral affinity for human-like (02,6-SA) receptor binding,
shown in feline isolates. The neuraminidase genes of fe-
line isolates also had 11 aa deletions at positions 59-69,
which were often observed in avian influenza virus lin-
eages adapted to poultry and may increase the virulence
to mammals (2). We did not observe amino acid substi-
tution at position E627K of the polybasic 2 gene in the
feline isolates.

Conclusions

Our results demonstrate that cats can be directly infected
by HPAI H5N6 virus. Cats are companion animals and
may act as a vector for influenza transmission to hu-
mans. Despite the low probability of HSN6 virus infec-
tion in companion animals, avian influenza surveillance
will be needed for mammals, including cats, during
H5NG6 outbreaks.
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Highly Pathogenic Avian Influenza A(HSNG)
in Domestic Cats, South Korea

Technical Appendix

Materials and Methods

Virus Isolation and Sequencing

Viral RNA extracted from organs of dead cats using a Patho Gene-spin DNA/RNA
extraction kit (iNtRON Biotechnology, Sungnam, Korea) according to the manufacturer’s
instructions were positive for H5 and N6 subtype by RT-PCR (1,2). For virus isolation, the
specimens were inoculated into embryonated specific pathogen-free chicken eggs. After
incubation at 37°C, allantoic fluid from inoculated eggs was harvested and tested using the
hemagglutination assay. All 8 RNA genomic segments were amplified using segment specific
primers and directly sequenced (3). The nucleotide sequences of the 8 RNA genomic segments
of 2 H5NG6 isolates, A/feline/Korea/H646-1/2016(H5N6) and A/feline/Korea/H646—
2/2016(H5N6), were deposited to GISAID (accession nos. EP11123314-21 and EP11123332—
39). In addition, the nucleotide sequences of 2 H5N6 viruses [A/chicken/H131/2016(H5NG6) and
Alchicken/H164/2016(H5N6)] isolated from chicken farms in Pocheon-gun of Gyeonggi-do
province in December 2016, respectively, were deposited to GISAID (EP11123348-55 and
EP11123340-47).

Phylogenetic Analysis

The nucleotide sequences for phylogenetic analysis were downloaded from GISAID
(http://www.gisaid.org) or GenBank. All nucleotides optimization and multiple sequence
alignment were performed by CLC main workbench software; version 6.8.2 (CLC bio, Aarhus,
Denmark). The maximume-likelihood (ML) trees were conducted by MEGA version 6.0
(www.megasoftware.net) using complete coding nucleotide sequences of 8 segments. The
nucleotide substitution models (HA, NP, and NA, Hasegawa-Kishino-Yano with Gamma-
distribution; PB2, PB1, PA, General Time Reversible with Gamma-distribution; M, Kimura 2-
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parameter with Gamma-distribution; NS, Tamura 3-parameter with Gamma-distribution) of each
segment for ML trees were computed by MEGA 6 software package (4,5). The test of phylogeny
was estimated by bootstrap analysis with 1000 replication. Phylogenetic trees constructed for the
PB2, PB1, PA, HA, NP, NA, M and NS segments are shown in Figure 2 and online Technical
Appendix Figure.

Histopathologic and Immunohistochemical Test

Collected tissues (brain, heart, lung, spleen, kidney, liver, pancreas, intestine) were fixed
for 24 hours in 10% buffered neutral formalin and processed for paraffin embedding. Paraffin-
embedded sections were cut (4 um), dewaxed, and stained with hematoxylin and eosin.
Duplicate sections were immunohistochemically analyzed to determine the distribution of
influenza virus antigens in individual tissues. Briefly, sections were reacted with a monoclonal
antibody against influenza A virus nucleoprotein (MCA-400; AbD Serotec, Dusseldorf,
Germany), followed by a biotinylated goat anti-mouse IgG as secondary antibody and an avidin-
biotin complex system (Ventana Medical Systems, Tucson, AZ, USA). The RedMap Kit
(Ventana Medical Systems) served as a chromogen substrate. Slides prepared with serial sections

of the same tissues were incubated with PBS instead of antibody as a negative control.
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Technical Appendix Table. Comparison of the molecular characteristics of the H5SN6 highly pathogenic avian influenza viruses in South Korea*

NA

Antigenic site of HA HA cleavage site  deletion M2 NS NS deletion PB2 PB1-F2

156 222 224 321-330
Strain Host  Genogroup (160)t (226)t (228)t (333-339)t 59-69 26 31 42 80-84 218-230 627 701 66 Length
Alchicken/Korea/H131/2016 Poultry C4 A Q G PLRERRRKR Yes L S S Yes No E D N 90
(H5N6)
Alchicken/Korea/H164/2016 Poultry C4 A Q G PLRERRRKR Yes L S S Yes No E D N 90
(H5N6)
Alfeline/Korea/H646— Feline C4 A Q G PLRERRRKR Yes L S S Yes No E D N 90
1/2016(H5N6)
Alfeline/Korea/H646— Feline C4 A Q G PLRERRRKR Yes L S S Yes No E D N 90
1/2016(H5N6)
Avian influenza viruses - - T Q G - Yes L SIN S/A Yes No/ E D N -

deletion

Human influenza viruses - - A I/L S - Yes I SIN S No No K N S -

*—, Not determined.
TH3 numbering.
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@ Affeline/Korea/H646-2/2016(HSNE)
55 A Alchicken/Korea/H164/2016(HSNG)
@ Affeline/Korea/H646.1/2016(HSNE)
A Alchicken/Korea/H131/2016(HSN6)
AJduck/Korea/ES2/2016(H5NG)
AMandarin duck/Korea/WB246/2016(HSN6)
Alchicken/Korea/HN1/2016(HSNG)
94~ A/Eurasian eagle owl/Korea/960/2016(HSNG)
AMandarin duck/Korea/T102-1/2016(H5NG)
Achicken/Korea/H23/2016(H5N6)
741~ Asspot-billed duck/Korea/WB 14172016{H5NG)
Alduck/Korea/H15/2016(H5NG)
| 015Z5GX.
015ZSGXJK005-

27DGATSI134
A 23DGQTSJ124
Afeline/Guangdong/1/2015(HSNG)

t(Neﬁiek-nNunMnm: 160QXYL061-1-0/2015(HSNG)
|94' i 3

16SZLGWL

Alduck/Vietnam/LBM750/2014(HSNE)
YYF

YYF )

YYF
| YYFQH026-C

AlduckiHunan/12.17YYFQH012-0/2014(H5N6)
,—MPmnmenmnlmbwnl 00VS/2015(HSN6)

[ YF

| Achicken/Jiangi/12. 0SNCNPODS/2014(HSNG)

1ONCDZ
14NCJD125.
o 0INCDZ]
2} 2015(HSN)
170Q4T0015.
16SZLGWL
Achicken/Guangxii0d, 10NM140/2015(HSNE)

Alchick uaN/2690/2013(HSNG)
Afduck/Hunan/12.17YYGK0057/2014(HSNS)
» z

~AlgooselShantou/1781/2014(HENS)
 220GCPLB041

9
‘Alchicken/Shenzhen/d33/2013(HSNG)
Alchicken/Shenzhen/1395/2013(HSNG)
AlduckiJiang/NCDZT1126/2014(HSN6)
AlduckiJiangif01.14NCJDO34-P/2015(HSNS)
Alduck/Vie 1-4-1/2013(HSN6)

E:

16YYFC

| Arduck/Hunan/02.26Y YF QH297-PI2014{HSNE)
Alduck/Jiangxi/10160/2014(HSNG)
Alduck/Sichuan/NCJPLT/2014(HSNS)

81f Alca/Sichuan/SC18/2014(HSN6)
Alduck/Sichuan/04.27NBXJ70/2014(HSNG)

k Alduck/Hunani01.21YYFQH024-PI2015(HSNG)
3 i

Korean H5N6
(2016/2017)

G1.1.9
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Hé-like

 Alduck/Hunan/01.21YYFQHO05-0/2015(H5N6)

Affeline/Guangdong/2/2015(HSN6)

Alduck/Jiangx/NCDZT1126/2014(H5N6)
A

1360c1-4-1/2013(HSNG)

| 27NBXJT912014(HSNG)
AlduckiSichuaniNCJPLTI2014{HSN)
Alcat'Sichuan/SC18/2014(HSNB)
Alduck/Jiangxil10160/2014(HSNG)

AlduckiHunan/12.17YYGKO057/2014(HSN6)

Aduck/Hunan/02.07YYFQH026-0/2015(HSNS)
Alduck/Hunan/01 21YYFQHO19-P/2015(H5NG)
AlduckSichuan/0d.

b Alduck/Hunan/02 26YYFQH320-PI2014(HSNG)
1" ArduckHunani01. 16YYFQH300-P/2014(H5NE)

AlGuck!Jiangx04.0INCDZT0304-0/2015(HSNE)

‘ ?umunm
Alduck/Hunan/D

OBWHWTZ0150-P/2015(HSNE)
1.21YYFQHO24-PI2015(HSNG)

16SZLGWL

Alchicken/Jiangxil01.14NCJD125-P/20 15(HENE)
Alduck/Jiangx/04,01NCDZT0312-0/201 5(HSNE)

‘Alchicken/Jiangxil12.0SNCNPODB/2014(HSNS)
AlchickeniJiangi/12.0SNCDZT0032/2014(HSNG)

=

A/duck/Hunan03.09YYFQHO036-P/2015(H5NG)

Tod [ Aehicken/KoreaH23/2016(HSNE)

AlduckiKorea/H1512016(H5N6)
Avspot-biled duck/KoreaWB141/2016(HSNG)
AEurasian eagle owKorea/60/2016(HSN6)
AfMandarin duck/Korea/T102-1/2016(HSN)
Alchicken/Korea/HN1/2016(HSNG)

79[ Atduck/KoreaES2/2016(HSNG)

76| A Alchicken/KoreaH131/2016(HSNE)
A Alchicken/KoreaH 164720 16(HSNG)
AMandarin duck/Korea/WB246/2016(HSNG)
@ Afleine/KoreaH546-112016(HSNE)
@ Afteine/Korea/HE46-2/2016(HSNG)

!

=

[ AlduckiJiangxif01.14NCIDO34-P12015(HSNG)

G1.1.9

Outlieré
Korean H5N6

(2016/2017)



23DGQTSI124

Afeline/Guangdong/1/2015(HSNS)
4! Afeline/Guangdong/2/2015(HSNE)

Alduck/Vietnam/LBM75912014(HSNS)
Alduck/Hunani12.17YYFQHO12-0/2014(HSNG)
Alduck/Hunan/01.21YYFQHO0S.012015(HSNE)

Alchicken/Dongguan'2690/2013(HSNG)
AehickeniJiangxi/12 SNCDZTO032/20 14(HSNG)

AMandarin duck/Korea/T102-1/2016(HSNE)
AlEurasian eagle owilKorea/960/2016(HSN6)
AlduckiKoreaH15/2016(HSN6)

01SZSGX.

Korean H5N6

(2016/2017)

Geno-group

C-1,C-2

,

G1.1.9

Alchicken/Guangx/04. 10NM14072015(HSNG)
1652LGWL

1179172014(HSNG)
r umlcmusmnnuwsmm:(ms)

A 10n/1395/20 13(HSNG)
= AlduckiJiangx/NCDZT1126/2014(HSNG)

Alduck/Hunan/01.21YYFQHO24-P12015(H5NG)
AlduckiHunan/12.17YYGKO057/2014(HENG)
AlduckiJiangi/10160/2014(HSNE)

)
,1 Alduck/Hubeil03 6WHWTZ0150-P/2015(HSNG)

Alduckd Jiangilos. o|Ncnzrnmolzm s(Han)
APhalacrocoraxHubey01.09V5/2015(HSNG)
AlduckiMongolia/769/2015(HANE)
7 NducklMuvinlmlmlﬁ(Wﬂ)
AJduckiMe
m«wsmmsmmn
Alchicken/KorealHN1/2016(HSNG)
AlduckiKorealES2/2016(HSNG)
100 AlMandarin duck/Korea/WB246/2016(HSN6)
A Alchicken/KoreaH131/2016(H5NG)
79 @ Afeline/KorealH646-1/2016(HSN)

@ Afeiine/KoreaH645-2/2016{HSNG)
A Alchicken/Korea/H164/2016(H5NG)
 22DGCPLB

312016(H5N6)

gl 1N9)

7DGQTSI121

Alduckiiangai mecmoal -P/2015(HSNE)

Afchicken/Jiangxi12. 0SNCNPOOGI2014(H5NG)
Alduck/Hunan/03,09YYFQHO036-P/2015(HSNG)

1

Korean H5N6
(2016/2017)
Geno-group
Cc-3C4

Korean H5N6

| 201612017
Geno-group
Cc-5

&

Alchicken/Jiangsi01.14NCJD125-PI2015(HNE)

T 01NCDZT0312-012015(H5N6)

Lt

Major

Eurasian
LPAI
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AlduckiGuangdong/4.15SZBAXQO1S(2015(HSNE)
7DGQTS,

16SZLGWL

16SZLGWL

=

AlduckiVietnam/LBM758/2014(HSN6)
Alduck/Hunan/12.17YYFQHO12.0/2014(HSN6)

1 Alduck/Hunsn/01.21YYFOHO0S.Or2015(HNS)

Aiduck/Hunan/02.07YYFQHO10-P/2015(H5N6)

 Alchicken/Jiangyi/12 0SNCDZT0032/2014{HSN6)

AlducklJiangxi/04 0TNCDZT0312-O/2015(HSNG)

19} AvchickenJiangxil12 OSNCNPOOB2014(HSNG)

Alohicken/Jiangsil12. nsucuzrooamnmnsm)

Alehicken/Shenzhend 3/2013(HSNG)

- Mr.mumu-wu 1M1mms(n.we)
13(HSN6)

r Aruwkuvsh-umnmwksm)

[ Nopotcled Guck/KoreaWB 141/2016(HSNG)

- Achicken/KoreaH232016(HSNE)

| AMandarin duckiKoreaT102-12016(HSNE)
Ahicken/Korea/HN1/2016(HSN6)

AlduckKorealH1512016(H5N6)

AEurasian eagle owlKorea/S60/2016(HSNE)
AlMandarin duck/Korea/WB246/2016(HSN6)
Alduck/Korea/ES22016(HSNG)

A Alchicken/Korea/H13172016(H5NG)
@ Afeline/KoreaMe46- 1120 16(HSNG)
Aeline/KorealH646-2/2016(HSNG)

A Achi 16412016(H5NG)

1791720 14(HSNE)
'— AlduckiJiang/NCDZT1126/2014(HSN6)

AlduckHunan1217YYGK00S7/2014(HSNE)
Alduck/Hunan/01.21YYFQHO24-PI2015(HSNE)
AlenvironmentiHunan/04, 14YYGK394/2015(HSNG)
AGuCKHUEI03 OSWHWTZ0125-OI2015(HSNG)
Alduck/Hunan/03.09YYFQHO036-P/2015(H5N6)
‘AlduckiJiangx/04.0 1NCDZT0304-/20 15(HSNG)
| Alduck/Hunan02,26YYFQH320-P2014(HSNE)

— Alduckiliangxi/10160/2014(HSNG)
sf Aleine/Guangdong/172015(HSNG)
Afeline/Guangdong/212015(HSNE)
AlduckSSichuan/04. 27NBXJT8/2014(HSNE)
Alduck/Sichuan/NCJPLT/2014(HSNG)
AcalSichuan'SC1812014(HSNG)
 AlduckHunani01 21YYFQHO19-P/2015(HSNG)
| AlduckiHunani02.07YYFQH026-012015(HSN)

e

" Alduck/VietnamLBM380c1-4-1/2013(HSNG)

G1.1.9

Korean H5N6
(2016/2017)

e

}m]wuw OBWHWTZO115-Or2015{HSN6)

— AfducklJiangxii01. 14NCJDO34-PI2015(H5NS)

001

Major



E Alchicken/Shenzhen/433/2013(HSN6) F 8 : Z';“".h‘”;"”.ﬁ?ﬁﬁ:ﬁ:?ﬁi
Alchicken/Dongguani2690/2013(HSN6) @ AfelinelKorealH846-1/2016(HSNE) Korean H5N6
Alchicken/Yunnan/03,15DQUT0054-2-P/2015(H5NG) A AchiolenfomatiiaU2018(HEN0) (2016/2017)
Alenvironment/Yunnan/03.15DQWGH020/2015(HSN6) Alduck/Korea/ES2/2016(HSNG)
Alchicken/Yunnan/03.16DQXYL061-1-0/2015(HSN6) m‘;&:::’:‘&mm’“"w’ Geno-group
[~ Alduck/Guangdong/04.15SZBAXQ020/2015(H5NE) [ AEurasian eagle owiKorea/96012016(HSNE) C-2,C4,C-5
4 22DGCP120 15N6) ga|L{ Alchicken/Korea/H23/2016(HSNS)

84" Alduck/Guangdong/04.22DGCPLBO41-P/2015(HSNE) 157 Alspot.biled duck/KoreaWB141/2016(HSNG)
[~ Algoose/Shantou/1791/2014(H5N6) o1 5-
Alduck/JiangxiNCDZT1126/2014(H5N6) e G1.1.9
AlduckiGuangdong/04.155ZBAXQ019/2015(HSNE) L gty
Alchicken/Shenzhen/1395/2013(HSN6) | Affeine/Guangdong! 112015(HSNS)
Alduck/Guangdong/03.27DGQTSJ134-0/2015(Mixed)(HSN6) AffoinelGuangdong/2/2015(HSNE)
3" Alduck/Guangdong/04 23DGQTS.J124-0/2015(HSNE) B -0
—— Algoose/Guangdong/04.23DGQTXC237-0/2015(HSN6) prspr
Alduck/Hunan/02.07YYFQHO10-P/2015(HSN6) [
Alduck/Hunan/01.21YYFQHO0S-0/2015(HSNE) soly o 1
AlduckiHunan/12.17YYFQHO12-0/2014(HSN6) i
AlduckiVietnam/LBM758/2014(HSN6) L Korean H5N6
Affeline/Guangdong/2/2015(H5N6)
Ntreoamgomn o0 " | G o
AlduckiGuangdong/03.26DGCPO75-0/2015(HSNG) eI Uk XoroaT102. 120100 SN0) i group
X A Alchicken/Korea/H164/2016(H5N6) 27DGQTSI134. -1,C-3
41 |aa| A& Alchicken/Korea/H131/2016(H5N6) Alduck/Vietnam/LBM7592014(H5N6) Major
@ Affeline/Korea/H646-2/2016(HSNG) ,t me::%f ;mg:gm:::x;
@ Affeline/Korea/H646-1/2016(HSNG) . 94 Aluck/Hunan/02.07YYFQHO10-P/2015(HSN6)
- Alduck/Korea/ES2/2016(HSN6) Major |- AtduckddangeiDt 14NGJ0034-22015(456)
) Korean H5N6 Aduckl fangxi/NCDZT1126/2014(HSNG)
L{ Alchicken/Korea/H23/2016(HSN6) Alchicken/Shenzhen/1395/2013(H5N6)
19| Alchicken/Korea/HN1/2016(HSN6) (201 6/201 7) =] Zigggcp‘:;‘
Alduck/KorealH15/2016(HSN6) Boien - erslns
eagle AT [~ Avchicken/Jiangxi/12. 0SNCDZT0032/2014(HSN6)
Alspot-billed duck/Korea/WB 141/2016(HSN6) ‘Alchicken/Guangi/0s. 1ONM 140720 15{HSNG)
—a4) AMandarin duck/Korea/T102-1/2016(HSN6) e
Alduck/Guangdong/01.01SZSGXJK005-Y/2016(HSNE) Alchicker/Shonzhen/433/2013(HSN6)
;{ Alduck/Guangdong/01.01SZSGXJK005-G /2016(HSNG) G1.1.9 :W"umg;m:ﬁx?' 4(H5NG)
Alduck/Guangdong/01.01SZSGXJKOD7-G/2016(HSN6) Iteamesonasti e prasten
— Alduck/Vietnam/LBM360¢1-4-1/2013(H5N6) o Auckubois OOWHITZ0125.012015(HSNS)
Alenvironment/Jiangsu/12.30WZNHQ012/2014(HSN6) Alduck/Hubeil03 06WHWTZ0150-P/2015(H5N6)
Alduck/Hunan/12.17YYGK0057/2014(H5N6) ."Nel\vlmnmenvhmlwol 14YYGK394/2015(HSNE)
| | Alduck/Hunan/01.21YYFQH024-P/2015(H5N6)
[ Addu u 1.21YYFQH024. S( ) Aduck/Hunan/12.17YYGKO057/2014(HSN6)
Alchicken/Hubeil03. 06WHWTZ0115-0/2015(HSN6) Prembriletlie b
7dj Alduck/Sichuan/NCJPL7/2014(HSNE) AlduckiHunan/02 26YYFQH297-P12014(HSN6)
L{ A/cat/Sichuan/SC18/2014(H5N6) A/duck/Hunan/02.26YYFQH320-P/2014(H5N6)
— 87|~ AlducklJiangi/04.01NCDZT0304-0/2015(HSN6) Alduck/Hunan/01.16YYFQH300-P12014(HSNE)
| | AlduckiHunan/02.07YYFQH026-0/2015(HSN6) r i
9 1AIenvlmnmenl/Jlangxl/O5YG7NCJD00\0012015(H5N6) z::ﬁ:m; é;x:g:g;:z,ﬁ‘é‘(:i’:‘:')
AlduckiHunan/01.21YYFQHO19-P/2015(H5N6) %
Alduck/Jiangxi/10160/2014(HSNE) Alduck/Vietnam/LBMIE0C1-4-1/2013(H5NG)
1.16YYFQH300-P/2014( ) A/Phalacrocorax/Hubeil01.09V5/2015(H5N6)
Alduck/Hubei/03.06WHWTZ0125-0/2015(H5N6) Kongt "»"‘:’;‘W'
Alduck/Sichuan/04.27NBXJ79/2014(HSN6)
’;Emuwnun-muz.zavvmhzsv-wzma(nsua) [ ki
92! Alduck/Hunan/02.26Y YFQH320-P/2014(H5NE) 99|
,— Alenvironment/Hunan/04.14YYGK394/2015(HSNE) 79
aa— 3.26DGCPO77-0/2015(H5N6) Alchicken/Hubsi/D3 06WHWTZ0115-0r2015(H5NG)
7 s
- Nd';"‘ssk";:‘f\z?a‘oswnwr‘z?'summs(%”s) Avcickeniangsl01.14NCID125-PI20 (HENS)
75 AlduckiJiangxi/01.14NCJDO034-P/2015(HSNE) Alduck/Jiangxif04 0INCDZT0312-0/2015(HSNG)
3.27DGQTSJ121 74l Alchicken/Jiangxif12.0SNCNPODB/2014(HSNE)
Alchicken/Guangxi/04.10NM140/2015(HSN6) 95! Alchicken/Jiangil12.05NCDZT0031/20 14(HSN6)
P]duuk/HunanlOJ,OQWFQHODJE—P/ZO|5(H5N5) —_
o7, Alenvironment/Yunnan/03,15DQWGH012/2015(HSNE)
— beil01.09V5/2015(HSN6)

91 | AlchickeniJiangxi/04.0INCDZT0291-P2015(HSNG)
Alenvironment/Yunnan/03.17DQJT0015-Z/2015(H5N6)
Alchicken/Jiangxi/01.14NCJD125-P/2015(H5NE)
AlduckiJiangxi/04.01NCDZT0312-0/2015(HSN6)
59| AlenvironmentJiangxi/05.07NCJD0027D/2015(H5NG)
Alchicken/Jiangxi/12. 0SNCDZT0032/2014(HSNE)
Jiangxi/02.10NCD: 5N6)
o] Alpigeon/Guangdong/04. 18SZLGIWLOOG/2015(HSNG)
Alchicken/Jiangxi' 12, 0SNCNPODB/2014(HSN6)
Achicken/Jiangxi/12. 0SNCDZT0031/2014(HSNE)

0.02

Technical Appendix Figure (following pages). Maximume-likelihood phylogenetic tree for internal gene
segments for the feline H5N6 viruses and references. A) Polymerase basic-2 (PB2); B) polymerase basic-
1 (PB1); C) polymerase acidic (PA); D) nucleoprotein (NP); E) matrix (M); F) nonstructural (NS). The
highly pathogenic and low pathogenicity influenza virus sequences from the GISAID EpiFlu database
(http://platform.gisaid.org/epi3/frontend#326742) were used for each phylogenetic comparison. The
genetic subclades are annotated to the right of the tree. The genetic clusters; Major, Minor and G1.1.9,
were designated according to the criteria of Bi et al. (6) and the genogroups of Korean H5N6 HPAI
viruses (C-1 to C-5) are annotated to the right of the tree of PA and NS (7). At each branch, the number
indicates a bootstrap value (>70%). Black circles indicate feline isolates in this study and triangles

indicate chicken isolates. Scale bar indicates nucleotide substitutions per site.
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